It is widely discussed in the literature that the wave function of the nucleon bound in a nucleus is modified due to the interaction with the surrounding medium. We argue that the modification should strongly depend on the momentum of the nucleon. We study such an effect in the case of the point-like configuration component of the wave function of a nucleon bound in a nucleus A, considering the case of arbitrary final state of the spectator A − 1 system. We show that for non relativistic values of the nucleon momentum, the momentum dependence of the nucleon deformation appears to follow from rather general considerations and discuss the implications of our theoretical observation for two different phenomena: i) the search for medium induced modifications of the nucleon radius of a bound nucleon through the measurement of the electromagnetic nucleon form factors via the A(e, e ′ p)X process, and ii) the A-dependence of the EMC effect; in this latter case we also present a new method of estimating the fraction of the nucleus light-cone momentum carried by the photons and find that in a heavy nuclei protons loose about 2% of their momentum. 
I. INTRODUCTION
One of the main challenges in particle physics, nuclear physics and astrophysics is the necessity to achieve unambiguous understanding of the physics of cold dense nuclear matter, the limiting mass and radius of neutron stars, and many other questions which deeply interconnect astrophysics with the physics of particles and nuclei. To this end, it is important to reliably evaluate the modifications of the wave function of a nucleon embedded in dense nuclear matter. The laboratory investigation of the quark-gluon structure of a nucleon bound within a nucleus may help to quantify this important phenomenon. Twenty five years after the discovery of the suppression of the nucleus structure function as compared to that for a free nucleon at moderate value of x-the EMC effect (see e.g. Ref. [1] )-, its origin is still a matter of discussions and various effects have been advocated to explain it, like, e.g.: (a) the modification of the bound nucleon structure function due to (i) possible change of non-perturbative QCD scale in nuclei [2] , (ii) the meson -nucleon interactions [3] , (iii) the dependence of the strength of the nucleon interaction upon the size of the quark-gluon configuration which leads to oscillations of this effect as the function of nuclear density [4] ; (b) the presence of nonnucleonic dynamic degrees of freedom in the nucleus (see for example [5] ) which carry a fraction of the total nucleus momentum, leading to depletion from one of the fraction of nucleus momentum carried by nucleons; c) relativistic effects due to nucleon binding and Fermi motion [6, 7] , models using the Bethe-Salpeter vertex function as nucleus wave function [8] . Experiments at Jlab, especially after the 12 GeV upgrade, will be able to break the deadlock by performing a series of dedicated experiments (see e.g. [9] ).
Certain restriction on the models follows from the investigation of Drell-Yan process [10] which found no enhancement of antiquark distribution in nuclei. It appears difficult to explain this fact within models where non-nucleonic degrees of freedom are mesons.
The conclusion, which follows solely from the requirements of the baryon charge and momentum conservation, is that the EMC effect signals the presence of non-nucleonic degrees of freedom in nuclei, though it is not yet clear which are the most relevant ones.
A possibility, which is discussed in a number of models of the nucleon, is that the bound nucleon wave function is deformed due to the presence of nearby nucleons. A distinctive property of QCD, which is a consequence of color gauge invariance, is that different components of the hadron wave function interact with different strengths. The extreme example is the point-like configurations (PLC) in hadrons which have interaction strength much smaller than the average one, leading to the phenomenon of color transparency (for a recent review see e.g. [11] ). This phenomenon has been recently observed for the process of coherent high-energy pion dissociation into two jets [12] , with various characteristics of the process consistent with the original QCD predictions [13] . There are also evidences for CT effects in quasielastic production of ρ mesons off nuclei, investigated firstly by the E665 experiment at FNAL [14] and, recently, by the HERMES experiment at DESY [15] .
The data of HERMES are well described by the model [16] which takes into account the squeezing of thestate in the production vertex and its expansion while propagating through the nucleus.
We will consider in this paper the effect of the suppression of PLC in bound nucleons, extending the analysis to the case of a nucleon bound in 3 He and in complex nuclei, with the spectator system being in specific energy states. Similar to [4, 17] we find that the effect of suppression of PLC's strongly depends on the momentum of the nucleon.
Moreover, by taking into account the energy state of the spectator A − 1 system, we find a new effect, namely a strong dependence of the effect on the excitation energy of the residual system. Overall the analysis of the derived formula allows us to establish the connection with another language, which explores the concept of off mass shell particles.
As a matter of fact, we find that the effect depends on the virtuality of the interacting nucleon defined via the kinematics of the spectator system.
More generally, we will argue that a strong dependence of the deformation of the nucleon wave function upon the momentum, is a general phenomenon in the lowest order over p 2 /µ 2 , where p is the nucleon momentum and µ ∼ 0.5 ÷ 1 GeV is the strong interaction scale. We also discuss two implications of this argument; the first one is the need to look for the deviations of the bound nucleon electromagnetic (e.m.) form factors from the free ones as a function of the struck nucleon momentum; the second one is the estimate the A-dependence of the EMC effect through the energy binding and the mean excitation energies of nuclei. Our paper is organized as follows: in Section II we briefly review the arguments concerning the reduction of PLC in the nuclear medium and extend the analysis of Ref. [4, 17] to three-and many-body nuclei; the connection between nucleon virtuality and the suppression of PLC's is presented in Section III;
the effects of the reduction of PLC's in Quasi Elastic and Deep Inelastic scattering is discussed in Section IV; in Section V the results of our calculations of the EMC effect in nuclei, including the deuteron, are presented; in Section VI the contribution of the coherent Weizecker-Williams photon field of the nucleus and its implications for the EMC effects in heavy nuclei are discussed; eventually, the Conclusions are given in Section VII.
II. THE SUPPRESSION OF POINT-LIKE CONFIGURATIONS IN NUCLEI
We will consider how the wave function of a bound nucleon is modified due to medium effects. Our approach implements a well understood and established property of pQCD:
if the collision energy is not too large, the interaction between hadrons is proportional to their size. This property relies on the non relativistic Schrödinger equation for the nucleus wave function which describes the motion of centers of mass of the nucleons.
Some notations are therefore in order. The Schrödinger equation for a nucleus composed of A nucleons interacting via two-body interactions, is
where the index f ≡ {0, 1, 2, ...} denotes the excitation spectrum of the system (note that from now-on the ground-state energy and wave functions will be simply denoted by E A and Ψ A , instead of E
A and Ψ
A ; moreover, in case of the Deuteron, instead of A = 2 we will simply use the notation D). We will consider a nucleon with four momentum p ≡ (E p , p) and denote the Center-of-Mass four momentum of the spectator (A − 1) nucleons as p s or P A−1 . The mass of the nucleon will be denoted by m N . We will also need to define the energy necessary to remove a nucleon from a nucleus A, leaving the residual system in a state with intrinsic (positive) excitation energy E f A−1 ; such a quantity is the (positive ) removal energy defined as E = E min + E f A−1 with E min = |E A | − |E A−1 |, E A and E A−1 being the (negative) ground-state energies of A and A − 1 systems. Eventually, the ground-state energy per particle will be denoted by
A. General considerations
In QCD the Fock space decomposition of the hadron wave function contains components of the size much smaller than the average size of the hadron; these components determine, at Q 2 → ∞, the asymptotic behaviour of the elastic hadron form factors and, for a pion, they were explicitly observed in the exclusive dijet production [12] .
It was argued in Ref. [4, 17] that since the small size configurations of the bound nucleon experience a smaller nucleon attraction, their probability should be smaller in the bound state since such a reduction would lead back to an increase of the nuclear binding. The discussed effect was formally described by an expression obtained within the closure approximation [4, 17, 18] .
The reduction of PLCs might be relevant for the explanation of the EMC effect, though only in a restricted region of the Bjorken scaling variable x = Q 2 2m N ν . Indeed, it has been predicted by several models, see e.g. [4, 19] that the behavior of the structure functions at x → 1 should be sensitive to the small size quark gluon configurations. One general argument is that at moderate values of the four-momentum transfer Q 2 , PLCs compete in elastic form factors with end point contribution which is also but gradually squized with increase of Q 2 as the consequence of Sudakov type form factors, which, on the other side, are connected to the inclusive structure functions at x → 1 via the DrellYan-West relation (see the discussion in [20, 21] ). Another argument, mostly relevant for the nucleon parton density, is that large size configurations with the pion cloud do not contribute at x ≃ 1, since in these configurations pions carry a significant part of the total light-cone momentum of the nucleon.
The key characteristic of PLCs, which allowed one to derive a compact expression for their modification in the bound nucleon, is that the potential energy associated to the interaction of a PLC is much smaller than V ij , the NN potential averaged over all configurations. Using the decomposition of the PLC over the hadronic states and the closure approximation one finds for the nuclear wave function which includes PLC in the nucleon i, the following expression [4, 17] 
where ψ A (i) is the usual wave function with all nucleons, including i, in average configurations and ∆E (N/A) ∼ m N * −m N ∼ 600−800MeV parametrizes the energy denominator depending upon the average virtual excitation of a nucleon N in the nucleus A.
B. The deuteron
Using the equations of motion for ψ A , the momentum dependence of the probability to find a bound nucleon with momentum p in a PLC was obtained in Ref. [4, 17] within the mean field and two nucleon correlation approximations. In particular, for the deuteron the Shrödinger equation in momentum representation leads to
where E D is the (negative) binding energy of the deuteron. Using the same closure approximation and equation of motions for the higher order terms in
(assuming that ∆E is approximately the same for the higher order terms) one obtains that the suppression of the probability of PLC's in the deuteron for a nucleon with momentum p is given by
Thus, if for a given x PLCs dominate in the nucleon Parton Distribution Functions, the structure function of the bound nucleon would be suppressed by a factor given by Eq. (4) , that is
Note that Eq.(5) can equally well be applied to the semi-inclusive process when the transition to one particular final state of the spectator is considered. In the derivation of the previous formulae, it has been assumed that for PLC |V
probes large values of x, for which |V (SC) ij (x)|/|V ij | = λ(x) < 1, the suppression factor will be obviously smaller and, in the lowest order in p 2 /2m N ∆E, Eq. (4) will be modified as follows
If the dominant nucleon configurations in F 2N interact with a strength substantially smaller than the average (say λ ≤ 0.5) for x ≥ 0.5 ÷ 0.6, the PLC suppression may help explaining the EMC effect. Since we are interested in this paper in the A-dependence of the deviation of the EMC ratio from one, for ease of presentation, we will simply put in what follow λ(x) = 0, though in the comparison with experimental data, to be presented in Section V, a value of λ(x) = 0 has been used.
A key test of the PLC suppression is the study of the tagged structure functions [4, 22, 23, 24, 25, 26] .
C. The three-body nuclei
Let us consider now the three-body nuclei. In this case we face a more complicated situation due to several possible final states of the two-body spectator system. For this reason, the suppression of PLCs will depend upon the transition densities between the wave function (2) and the final state wave functions. Therefore the full nuclear Spectral
Function of 3 He is required to evaluate δ3 He . Let us discuss this point in details. To this end, we first introduce the wave function φ 2 , the solution of the two-body Schrödinger equation for nucleons "2" and "3":
where T is the operator for the kinetic energy, f labels the quantum numbers of the state which can be either the ground (D), or the continuum (pn) states of a neutron-proton pair, or the continuum (nn) state of a neutron-neutron pair (note, that Eq. (7) has the same spectrum as the final two-nucleon state in the case of deep inelastic scattering on 3 He, i.e. D, and pn and pp in the continuum). Then the relevant quantities are the following densities
where φ 1 (1) is the wave function of the struck nucleon. By considering the full threenucleon Shrödinger equation
we obtain
The density in r.h.s. of this equation defines the channels f of the spectral function of 3 He, to be denoted P (f ) 3 (|p|, E) [27] . For the three different channels we obtain (in case of the inclusive process, there is a sum over states of the spectator, f ):
where we neglected the difference of the proton and neutron masses and also a possible Eqs. (11), (12), and (13) can be unified as
where
generates the dependence upon f of the r.h.s.. We will need in what follows the average value of δ (f ) 3 (p, E) with respect to p and E. This can be obtained provided the nucleon spectral function in channel f , P (f ) 3 (|p|, E), is known; in such a case one has
Following Ref.
[27], we will label various quantities pertaining to the channel 3 He → D +p with the superscript (gr), and quantities pertaining to the channels 3 He → p+(np) and 3 He → n + (pp) with the superscript ex . The corresponding Spectral Functions will
The Spectral Functions in different channels f are normalized as following
where f = {gr, ex}.
The spectral function of Table 1 .
D. General case
Eq. (14) can be readily generalized to the case of an arbitrary nucleus A, obtaining
It is also trivial to modify Eq. (17) to account for the case of small but finite size configurations by introducing a factor 1 − λ(x) as in Eq. (6) . The evaluation of the average values of Eq. (17) δ (f )
requires the knowledge of the Spectral Function of the nucleus A in channel f ,
A (|p|, E). As illustrated in Refs. [7, 29] , the Spectral Function of a Complex Nucleus can be written in the following form
where P 0 (|p|, E) describes the transition to the ground state and to the discrete shellmodel states of the nucleus A − 1, whereas P 1 (|p|, E) is responsible for the transitions to the whole of the continuum states generated by short-range nucleon-nucleon correlations.
For complex nuclei we will consider two average values for the suppression of PLCs,
whre f = {0, 1} plays, in a sense, the role of f = gr, ex in the case of 3 He. The mean values of various quantities pertaining to complex nuclei calculated with the spectral function of Ref. [29] are reported in Table 2 .
III. NUCLEON VIRTUALITY, THE SUPPRESSION OF PLCS AND THE VARIATION OF NUCLEON PROPERTIES IN THE MEDIUM
A. The nucleon virtuality
Let us now consider the interaction of a bound nucleon with a virtual photon. The virtuality of the interacting nucleon v is as follows
In impulse approximation (p = −P A−1 ) we have
The non-relativistic reduction of Eq. (23) in the rest frame of the nucleus A, which corresponds to neglecting higher order terms in ∼ E m N and
It can therefore be seen that in the non-relativistic limit the argument of δ A (|p|, E)
for any A, is the same as the non relativistic reduction of the virtuality v N R , so that the suppression of PLCs can be expressed in terms of the nucleon virtuality as follows
with v N R (|p|, E) given by Eq. (23) . Note that using the Koltun sum rule [30] corresponding to a Hamiltonian containing only two-body forces, viz
where < T > and < E > are the average kinetic and removal energies per particle, respectively, one gets
so that the average value of Eq. (17) (or Eq. (25)) can be written as follows
Since our derivation was non relativistic one cannot distinguish the cases when v N R or v are used. Hence, to check the sensitivity to the higher order terms, we will also consider an expression for δ A in which v is used instead of v N R :
with v(|p|, E) given by Eq. (23).
Eventually, we will also consider the partial virtualities, i.e. the virtuality in a given state f , defined as
and the corresponding partial coefficient of suppression of PLCs, i.e.
where the average in Eq. (31) has to be taken with the proper partial Spectral Function.
If we expand Eq. (28), we get its lowest order (LO) approximation in (p
Let us now address the physical reasons for the derived structure of Eq. (25) .
It is often discussed in the literature that various properties of a nucleon bound in the nucleus should be modified due to the interactions with the surrounding nucleons (usually referred to as medium modifications). Such a possibility has been considered for the case of the electromagnetic nucleon form factors, the parton densities, and other quantities (see e.g. [4, 31, 32] ). Medium modifications are theoretically often considered within the mean field approximation and are assumed to depend on the mean nuclear density, with an implicit assumption that the modification does not depend on the momentum of the nucleon. On the other hand, we have just shown that the contribution of PLCs exhibit a strong momentum dependence arising naturally from the reduction of the interaction strength. Accordingly, one expects that in this model the modification of, e.g. the radius of a bound nucleon, may also depend upon the nucleon momentum. One intuitively expects that possible modifications of the properties of a bound nucleon should depend upon its off-shellness, which can be expressed in terms of the nucleon virtuality as defined by Eq.(22).
To elucidate this point, let us consider the electro-disintegration of the deuteron, e D → e pn, as a function of the momentum of the spectator nucleon p s (another option would be to consider DIS off the deuteron in a tagged mode, i.e. when the spectator momentum is detected). The amplitude A(γ * + D → pn) is an analytic function of the Mandelstam variables, e.g.
i. e. the square of the momentum transfer and, therefore, it can be expressed as a series in terms of the variable m 
which is exactly the functional dependence of Eq. (4). Our reasoning is heavily based upon the analyticity of the amplitude in the t variable, which justifies the validity of the Taylor expansion near the nucleon pole in terms of powers of (t − m 2 N ). Obviously our argument can be applied to the scattering off heavier nuclei, provided the residual (A-1) nucleon system has small enough momentum and excitation energy. In this case the relevant perturbation parameter γ A is given by Eq. (25), i.e.
In the leading order of perturbation theory over binding effects Eq. (28) for the average value of δ A is recovered using the Koltun sum rule
B. PLCs and the variation of the nucleon properties in the medium
Denoting by κ(|p|, E) −1 the deviation from one of the ratio of a certain characteristic (say the structure functions or the radii) of the bound nucleon to its vacuum value, we can expect that it will be given by
Therefore we can write
which does not depend on the value of ∆E or on the strength of the interaction for the probed property. It follows, from the above relation, that the region of small nucleon momenta and small excitation energies is the least sensitive to the effects of possible modifications of the nucleon properties. Hence such a region is suitable for the extraction of the properties of the free neutron from scattering processes off the deuteron and 3 He using the analog of the Chew-Low procedure (see e.g. the discussion in [9] ). For the same reason, the 3% upper limit for the change of the magnetic nucleon radius obtained from the analysis of the Q 2 dependence of the inclusive (e, e ′ ) cross section near the quasi-elastic peak [34] , implies a much weaker limit on the average change of the nucleon radius in nuclei. As a matter of fact, in inclusive (e, e ′ ) scattering, the cross section at the quasi elastic peak (x ≃ 1) is proportional to d(|p|)|p|n A (|p|)= < 1 |p| >, giving p 2 ≃ |p| 1/|p| whereas in DIS (x < 1), it is directly proportional to |p| 2 ; therefore, in quasi elastic scattering the average value of the probed |p| 2 is significantly smaller than the corresponding quantity in DIS, roughly by the factor
As we have demonstrated, the study of the momentum dependence of the properties of a bound nucleon may be a better tool for the investigation of modification effects in nuclei. This can be achieved, e. g., by means of semi-inclusive processes (tagged structure functions) and by the measurement of the momentum dependence of the ratio of electric to magnetic nucleon form factors.
IV. SUPPRESSION OF PLCS IN INCLUSIVE SCATTERING. THE A-DEPENDENCE OF THE EMC EFFECT
Let us now illustrate how the derived equations allow one to improve previous estimates of the A-dependence of the EMC effect in a particular region of x. To this end let us consider the well known EMC ratio for an isoscalar nucleus.
where F 2A and F 2N are the nuclear and nucleon structure functions, respectively. We will considers in the Bjorken limit two models for the the nuclear structure function F 2A , namely the light cone (LC) and the virtual nucleon convolution (VNC) models. In both cases the the proton and neutron Spectral Functions and momentum distributions are considered to be the same.
A. The light cone quantum mechanical model
The light cone (LC) quantum mechanics of nuclei is based on the following assumptions: i) bound nucleons are on-shell ; ii) closure over final states is performed; iii) the light cone momentum of the nucleus is entirely carried by nucleons. Within this model the nuclear structure function F 2A reads as follows
⊥ with p ± as the corresponding light cone variables defined relative to the direction of the momentum transfer) is the light-cone fraction carried by the interacting nucleon scaled to vary between zero and A, and ρ LC (α, p ⊥ ) is the nucleon LC density matrix normalized according to the baryon charge sum rule
and automatically satisfying the momentum sum rule
corresponding to < α >= 1. In the non relativistic approximation for the nucleon motion within a nucleus, LC quantum mechanics coincides with the conventional nuclear theory based on the non-relativistic Schrödinger equation. An evident advantage of the LC mechanics is the accurate account of relativistic effects, including those related to pair production off vacuum resulting from the Lorentz transformation.
To calculate the effect of the suppression of PLCs in bound nucleons we have to substitute in the convolution formula
where δ A (|p|, E) is given by Eq.(17) ( or Eq. (25)). By expanding F 2N (x/α, Q 2 ) in Eq.
(45) in a power series about α = 1 one obtains
where the averages have to be evaluated with the light cone density ρ LC (α, p ⊥ ). By considering that due to Eqs. (43) and (44) < (α−1) >= 0 and taking the non relativistic limit to order
of the third term, the average values can be evaluated with the nonrelativistic momentum distributions, obtaining (α − 1)
Supposing that the behaviour of F 2 (x) at x ≤ 0.5 − 0.7 is governed solely by u-quarks
yielding the result of [35] when δ A = 1. For n = 3 we obtain
leading to a cancelation of the Fermi motion effects for x = 1/2. Hence x ∼ 0.5 is especially convenient for the analysis, for one has, provided p is not very large
When δ A = 1, one has, obviously,
We remind the reader that in order to simplify the discussion, we have up to now placed λ(x) = 0 in the r.h.s. of Eq. (6). Now, in order to compare our calculations with the experimental data, we necessitate an explicit consideration of the value λ(x), so that we will use the following expression for the ratio R
B. The virtual nucleon convolution model
Another approach to the description of the DIS is the approach in which the role of the nuclear wave function is played by the covariant vertex function described by appropriate Feynman diagrams. In the case of DIS this approximation is usually refered to as the virtual nucleon convolution model (VNC). In this approximation the interacting nucleon is off-shell and the light-cone fraction carried by the interacting nucleon can be expressed through the lab. frame momentum and energy of the residual system as
The nuclear structure function has the following form
with the longitudinal momentum distributions f N A given by
The relation between the relativistic, S A (p)), and non relativistic, P A (|p|, E), Spectral
Functions is, to order (|p|/m N ) 2 ,
and baryon charge conservation is enforced by properly normalizing f A (z), i.e.
The light-cone fraction carried by the nucleons in this model is less than one [36]
where < T R >≃ p 2 /2(A − 1)m N and η is the total light cone momentum carried by nucleons. The momentum sum rule is restored by assuming that non nucleonic components carry the fraction 1 − η of the missing momentum. These components should be added explicitly to satisfy the momentum sum rule.
By expanding F 2N (x/z, Q 2 ) in Eq. (55) about z ∼ 1, we obtain, to order
Choosing again x = 0.5 we obtain,
We notice that A-dependence of all terms contributing to R is very similar since all coefficients are dominated by the contribution of the kinetic energy term. Hence, independent of the details one expects an approximate factorization:
which works well experimentally.
An important quantity considered in the literature is the relation between the EMC effect ratio in the deuteron R D (x, Q 2 ), given by Eq. (41), and the value of 
This relation is referred to by Bodek [37] as a density model, since in the mean field approximation the average kinetic energy is proportional to the average nuclear density (note however that the average nuclear density is hardly defined for light nuclei while expressions (50) and (61) are well defined even for A=2). It is also worth emphasizing Relation (63) has been used in several papers (see e.g. [37] ) to extract the neutron to proton ratio F 2n /F 2p . We will show in the next Section that by using realistic nuclear spectral functions a different relation will be obtained.
We will explore in the next section the sensitivity of the A-dependence of the EMC effect predicted by our models.
V. RESULTS OF CALCULATIONS
In this Section the results of of our calculations based upon realistic Spectral Functions for few-nucleon systems and complex nuclei are presented. We have calculated the following quantities:
1. the normalization (S) and the average values of the kinetic (< T >) and removal (< E >) energies in 3 He corresponding to various states of the spectator twonucleon system. The results are presented in Table I. 2. The same quantities as in Table I are reported in Table II for A = 2 and 4 ≤ A ≤
208.
3. Various average values of powers of the nucleon momentum p, which are listed in Table III. 4. The average values (divided by 2 m N ) of the virtuality in the states f < v (30)) and their sum (Eq. (27)). The results are listed in Table IV. 5. The average value of the coefficient δ(p, E) of the suppression of PLCs in various configurations (Eq. (31)) and their sum (Eq. (32)), together with δ (v) (Eq. (29)), presented in Table V . In the case of 3 He δ (0) ≡ δ gr and δ (1) ≡ δ ex (cf. the sentences after Eq. (14)).
The EMC ratio given by
calculated at x = 0.5 with Eqns. (50), (51) and (61) Tables I and II. In our calculations we have employed the spectral function of 3 He given in Ref. [28] obtained using the ground-state three-body wave function from the Pisa Group [39] corresponding to the AV 18 interaction [40] . For complex nuclei, calculations have been performed with the model spectral function of Ref. [29] , which correctly reproduces the momentum and energy distributions as obtained from realistic calculations on complex nuclei.
The following comments concerning the obtained results are in order:
1. Tables I and II . The average kinetic and removal energies in channels ex(f ) are much larger than the corresponding quantities in channels gr(0) and the high momentum components are linked to high removal energies, which is a well known result demonstrated long ago [27] .
2. Table III .
The effects of correlations on the high momentum components is clearly seen. The value of the quantity C (Eq. (40)) indicates that the probed value of < p 2 > in Deep Inelastic Scattering is larger by a factor 2 than in Quasi Elastic Scattering.
Tables IV and V.
The nucleon virtuality in states ex(f ) is much higher than in states gr(0) due to the higher average values of the removal energy and momentum. Consequently, the suppression of PLCs in states ex(f ) is expected to be higher than in states gr(0).
Semi-inclusive processes with the spectator A − 1 nucleus in high excited states should be a very effective tool to investigate the suppression of PLCs. 800MeV ; in the former case to reproduce the magnitude of the EMC effect for iron at x = 0.5 one needs λ ∼ 0.4, which is similar to the value used in Ref. [17] .
In order to better illustrate the A-dependence of the EMC effect, we show in Fig. 1 the results presented in Table VI normalized to the SLAC experimental value of R for carbon It can be clearly seen that, at variance with the trend of the SLAC data, the VNC model does not predict, in the interval 4 ≤ A ≤ 208, any A-dependence. A flattening of the A-dependence of R is also predicted by the LC approach with suppression of PLC's which appears to be sensitive to the value of ∆E (N/A) . Note that our results seem to agree with recent experimental data from JLab [41] which exhibit practically the same EMC effect for 4 He and 12 C. It should also be pointed out, in this respect, that for heavy nuclei (A ≥ 50) the Coulomb effect which we will discuss below, leads to an additional, and increasing with A, suppression of the EMC ratio.
Our studies of the A-dependence of the EMC effect allow us to make predictions for the EMC effect in the deuteron which will be useful for a comparison with the forthcoming JLab data aiming at determining F 2n (x, Q 2 ) from the measurements of the deuteron tagged structure function. Our results suggest that 
VI. HEAVY NUCLEI AND THE COULOMB FIELD EFFECT.
The reasons for a possible increase of the EMC effect in heavy nuclei like, e.g. higher order effects in the nuclear density which are not included in the current treatment, for example the effects due to three body forces. Whereas such an effect might also be present in medium weight and light nuclei, an effect which is specific only for heavy nuclei is the presence of the coherent, Weizecker-Williams (WW) photon field of the nucleus which is due to the fact that the fields of individual protons add coherently, leading to a larger momentum fraction carried by the photon field in nuclei as compared to that carried by individual free protons. Here we will calculate this effect in the leading order in Z. The WW expression for the spectrum of the equivalent photons emitted in the case of a finite size nucleus is given by
where k t is the transverse momentum of the photon, and the finite sizes of the nucleus enter via the presence of the nuclear e.m. form factor F A (t) which we take in the expo-
). This allows one to perform the integral over the transverse momenta of the photons obtaining
From this one can find the contribution of the photons to the momentum sum rule in the following form
In the case of a lead target this leads to a fraction carried by photons of about 1% (we give here the number obtained by numerical evaluation of the integral in Eq. (68)).
The suggestion that photons can carry non-negligible fraction of the nucleus momentum, helping therefore the explanation of the EMC effect in heavy nuclei has been previously made in Ref. [42] . Our calculation was done directly in the infinite momentum frame whereas in Ref. [42] virial theorem has been used. The numerical results are however quite similar.
It should be moreover be mentioned that the photon momentum is taken from the fraction of the momentum carried by protons. Accordingly, in a heavy nucleus protons loose a fraction of momentum of ∼ 2.5%, leading to an enhancement of the contribution of this effect to the EMC effect. Note here that a loss of 5% fraction of the momentum carried by nucleons in nuclei (corresponding to the quantity 1 − η, η being defined by Eq. (59)) would be sufficient to explain the whole EMC effect for heavy nuclei. Since F 2p /F 2n ≥ 2 at x ≥ 0.5, the discussed effect can explain approximately 1/3 of the overall EMC ratio in heavy nuclei. This point will be discussed in more detail elsewhere.
VII. CONCLUSIONS
We have provided a derivation of the suppression of the PLC's of a nucleon bound in the nucleus A with the spectator nucleus A − 1 being in a particular energy configuration. We have pointed out that that the result we have obtained can be interpreted as a specific dependence of the nucleon deformation upon the nucleon virtuality and argued that such a pattern is of quite general nature for small values of excitation energy and the momentum of the nucleon. Within such a framework, we have discussed the effects of the nucleon virtuality on the investigation of the modification of the radius and form factor of nucleons embedded in the nuclear medium, illustrating that Deep Inelastic Processes might be more effective than Quasi-elastic processes, in that in the former higher momentum component are probed. Eventually, we have illustrated the implications of our approach for the A-dependence of the EMC effect, obtaining very similar effects for 4 He and 12 C which agree well with the preliminary JLab data [41] . We also suggested that a substantial part of the increase of the EMC effect for heavy nuclei could be due to the Coulomb field effects. He one has to define the proton and neutron spectral functions formed by the three different channels 3 He → n(pp), 3 He → p(D), and 3 He → p(np), viz.
where P p(D) is usually referred to as the "ground" spectral function, P gr p , and P p(pn) and P n(pp) the "excited" spectral functions, P ex p and P ex n , respectively [27] . This terminology refers to the final spectator state or, in other words, to the state of the residual A − 1-system. The spectral functions are normalized in the following way:
therefore the isotopic factors and angular factors have to be explicitly taken into account.
The mean values of the kinetic and separation energies are then given by:
and the corresponding averages for the nucleon are
Using the Koltun sum rule [30] 
the effective binding energies per nucleon for all components can be defined: The corresponding averages for the nucleon are:
with the binding energy per particle of 3 He, ǫ 3 given by 3 × ǫ N .
The mean values associated to P gr and P ex , are given by eqs. (A1)-(A2)( [29] ):
The values of the various quantities which will be used in this paper are listed in Table   I . They have been obtained with the spectral function of Ref. [28] and correspond to the Wave function of the Pisa Group [39] obtained variationally using the AV18 interaction [40] . (16)). the mean kinetic, < T > , and removal, < E >, energies, and the energy per nucleon |ǫ 3 | for Helium-3, calculated with the spectral function of Ref. [28] and the Pisa group wave function [39] corresponding to the AV 18 interaction [40] .
The state f = gr corresponds to the spectator proton-neutron system in the ground state (a deuteron), whereas the state f = ex corresponds to the proton-neutron or proton-proton systems in the continuum Function of Ref. [29] .
A S 0 S 1 < T > 0 < T > 1 < T > < E > 0 < E > 1 < E > |ǫ A | M eV M eV M eV M eV M eV M eV M eV D Tables I and II. A < p 2 > 0 < p 2 > 1 < p 2 > < |p| > 0 < |p| > 1 < |p| > < |p| > 0 −1 < |p| > 1 −1 < |p| > 
